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NOTATION 
2 Cross-sectional Area, cm 
a - Arbitrary Constant in Equation 4, sec-l 
G = Volumetric Flowrate, ml/sec 
k = Boltzmann's Constant, ergs/°K 
L = Length of Liquid Jet, cm 
m = Mass of a molecule, gm 
N = Rate of Condensation, molecules/ml 
n 
p 
T 
= Rate of Condensation, molecules/cm
2 sec 
= Saturated Vapor Pressure, dynes/cm
2 
= Actual Pressure of Vapor in System, dynes/cm
2 
= 
2 
Surface Area of Liquid Jet, cm 
= Temperature of System, °K 
t = Time, sec 
a = Condensation Coefficient, dimensionless 
a
0 
= Arbitrary Constant in Equation 4, dimensionless 
~ = Counter Efficiency, % 
~ = Decay Constant for Tritium 
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ABSTRACT 
An experimental apparatus for measuring the condensation 
coefficient of water under equilibrium conditions has been 
designed and constructed. The condensation coefficient is 
defined as the fraction of the total amount of substance 
reaching a gas-liquid interface which actually sticks to this 
interface. The apparatus consists of three major systems: 
a liquid system, a vapor system, and a vacuum system. 
Included in this report are a detailed description of the 
apparatus and a sequential operating procedure. The method 
used to measure the condensation coefficient employs a 
radioactive tritium tracer technique, which was first used 
in this connection by Jamieson in his experimental study in 
1965. Initial results from the present study seem to agree 
with Jamieson's data, both in magnitude and in slope. A run 
at 420mm Hg. pressure yielded data points that fell between 
and parailel to Jamieson's isobars ofl740mm and 220mm ~g. 
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INTRODUCTION 
In recent years, the need for ever increasing quantities 
of fresh pure water has forced government and industry to 
expend vast amounts of money and manpower to learn more 
about this very simple, yet unique, substance, water. Wic~ 
the introduction of novel experime~tal techniques and sop~is-
ticated instrumentation, research institutions have sought 
much more accurate values for various propercies oi water. 
One property which has hact much attention orougi:1t to it 
lately, especially in connection with the desalination pro-
cess for sea water, is called the condensation coefficient. 
The condensation coefficient is defined as the fraction~-
the total amount of substance reaching a gas-liquia inter-
face which actual,,ly sticks to this interface. For this 
reason) the condensation coefficient is sometimes referred 
to as a "sticking coefficient". Measured values of this 
coefficient for water reported in the literature have 
ranged from 0,015 to 1.00 resulting in much controversy 
over the true value of it. 
The following report examines the design, construction, 
and operating procedure of a condensation coefficient appara-
tus employing a tritium tracer technique. Jamieson (12) was 
the first to use this radioactive technique in connection 
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3 
with the measuring of the condensation coefficient in his 
experimental study of 1965. The present apparatus is 
similar to Jamieson's, but , through modifications, it is 
designed to extend the range of the data. Some initial 
results using this equipment are given iG the Appendix. 
Support was provided by the Office of Saline Water in 
the Department of the Interior and by a National Defense 
Education Title IV Fellowship. I extend my thanks to the 
Federal Government for these monies. Also, I want to ex~ffess 
my gratitude to the following individuals with whose help 
the project was brought to fruition: Dr. Robert W. Cough~in, 
my advisor, whose original thinking and guidance formed th2 
basis of the project; Mr. Joseph Hojsak, whose fabrication 
of much of the equipment gave the project shape; the 
chemical engineering students of the Lehigh Graduate School, 
whose timely suggestions were used on many occasions; and 
finally, my wife, Julie, whose confidence and patience were 
a blessing. 
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EVOLUTION OF THE DESIGN 
In a vapor-liquid system at equilibrium, mass transfer 
continually takes place across the interface between the 
two phases. This equilibrium transfer, by definition, must 
'occur with molecules entering and leaving each phase ~t the 
same rate. Using the kinetic theory of gases, the maximum 
rate of this evaporation or condensation is given by the 
Hertz-Knudsen equation: 
n = p(2~mkT)-O.S (molecules/cm2 sec). 1. 
Originally, when this expression was derived for a gaseous 
phase alone, "n" was defined as the largest number of vapor 
molecules entering from the same side and able to pass 
through a plane of unit area per second, located within the 
gaseous phase. In a two phase system though still in the 
vapor phase, this unit plane can be located immediately 
above an~ parallel to the interface, Then, the value of 
"n", being the largest number of vapor molecules passing 
through this plane, becomes the largest number of vapor 
molecules that can pass through the plane, stick, and con-
dense on the liquid surface. In other words, "n" becomes 
the maximum rate of condensation. 
It happens that, for some substances, not all the vapor 
molecules traveling ·towards the interface that cross through 
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the unit plane are able to stick to the liquid surface and 
condense. Only a fraction of this total molecular flux 
moving through the unit plane and reaching the interface 
remains there, while the rest is reflected. Knudsen (13) 
termed this fraction of the total flux the condensation 
coefficient, "a", of the substance being studied. Thus, 
5 
the condensation coefficient may be written as: \ 
Number of vapor molecul~s 
= striking interface and sticking 
a Total number of vapor 
2. 
molecules striking interface 
Actual determination of "a" has usually been accomplished 
by experimentally measuring the numerator of Equation 2, 
while calculating the denominator of that equation through 
use of Equation 1. 
Under equilibrium conditions, the actual number of 
molecules per unit time condensing should, by definition, 
just equ~l the actual number of molecules per unit time 
that are evaporating. Taking advantage of this fact, many 
of the exis~ing experimental methods for measuring the con-
densation coefficient actually measure an evaporation rate 
of the liquid phase and set this equal to the condensation 
rate. In this type of method, the evaporation takes place 
into a partial vacuum, not into a saturated vapor as assumed 
for derivation of E.quation 1. The calculated rate of 
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condensation is then computed by a modified form of Equation 1, 
presented by many researchers (1, 2, 6, 10, 15, 17, 19) as: 
n = (p - p) (2~mkT)-O.S 
0 
(molecules/cm2 sec). 
The pressure maintained above the evaporating liquid is 
represented by "p0 ", while "p" signifie
s the saturated 
vapor~essure. · 
3. 
The actual temperature of the liquid surface, which 
determines this saturated vapor pressure, "p", has proved 
quite elusive to many researchers measuring evaporation 
rates. Alty (1) and Alty and Nicoll(4), in their original 
experiments, used a stationary thermocouple which initially 
was below the liquid surface. As the liquid evaporated, 
its level dropped and finally passed by the tip of the 
thermocouple which was continually recording the temperature 
at the tip. While this method produced values of the con-
densation coefficient close to unity for carbon tetrachloride, 
implying good agreement between theory and actual experiment, 
this was not the case for water. Reported values of 0.01 
to 0.02 for the condensation coefficient of water indicated 
a large amount of reflection of vapor at the interface. 
Suspecting their temperature measurement of the surface to 
have been in error, Alty (2) in 1933, employed a drop-weight 
method of measuring the surface tension of the evaporating 
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liquid. With. this measurement, the temperature of the sur-
face was calculated, and a condensation coefficient found. 
His new values for water, 0.035 to 0.045, while slightly 
higher than before, still were nowhere near the value of 
unity obtained by Knudsen (13) in his work with mercury, 
by Langmuir (14) in his work with tungsten, or even by Alty, 
himself, in his earlier work with carbon tetrachloride. 
In an attempt to deal with this apparent anomaly of 
both high and low condensation coefficients, Wyllie (19) 
used a number called the "free-angle ratio" of a substance, 
first developed by Eyring and Kincaid (9). This ratio, 
surprisingly close to the condensation coefficient for 
many substances, was calculated from the velocity of sound 
in the liquid and an observed vapor pressure. The value 
reported for water was 0.04 agreeing with Alty's results. 
However, chloroform, a polar molecule like water, showed a 
high free-angle ratio of 0.54, while Baranaev (5) listed a 
value of 0,16 for its condensation coefficient. 
In 1954, in his work with water, Hickman (10) suggested 
that it was not possible to assign a unique value to the 
condensation coefficient. He stated that the value was a 
function of the state of the liquid surface (flowing or 
standing) and the degree of departure from equilibrium. In 
his experiments, Hickman used a modified flowing-stream 
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tensimeter to obtain, in his words, " ... a clear random sur-
face ?f water ... continuously exposed to high vacuum and 
instantly removed." He measured values of the maximum 
coefficient as 0.24 and extended his results to pre '.ict 
coefficients approximating unity. 
Nabavian and Bromley (15), measuring heat transfer 
coefficients in an experiment involving the rapid conden-
sating of steam, calculated a condensation coefficient 
between 0.35 and 1.0. Their procedure had an advantage 
.in that the surface temperature of the condensed steam did 
not have to be known precisely. 
In 1963, Delaney, Houston, and Eagleton (8), using an 
evaporation technique in which exposure times were greater 
than ten seconds, measured a condensation coefficient of 
0.027 and 0.042 for temperatures of 43°C and o0 c, respec-
tively. Then, in 1966, Bonacci and Eagleton (6), using 
this same apparatus but with a modified procedure which 
developed exposure times of approximately 0. 3 second, .pro-
duced a condensation coefficient of 0.55. They projected 
this ~umber to a probable value of 0. 7 and possibly, unity. 
Meanwhile, in 1965, Jamieson (12) had measured the 
condensation coefficient of water using a radioactive 
tracer technique and obtained a value of 0.35. In his 
experiments, he passed a stream of pure water through an 
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atmosphere of tritium-labled steam by means of a liquid jet 
\, 
apparatus. When the liquid was collected and measured for 
radioactive content, the condensation coefficient could be 
calculated provided the jet dimensions were known and the 
temperature and pressure of the system had been noted. 
Sepall and Mason (18) measured the difference in isotopic 
concentration between boiling tritiated water and its 
vapor above the liquid. For temperatures of 70 - 90°c, 
the ratio of isotopic concentration in the vapor divided by 
the ratio in the liquid was reported as 0.96 to 0.97. On a 
basis of these results, the isotopic partition effect was 
neglected by Jamieson and will be disregarded in this 
report also. 
In order to obtain his true condensation coefficient, 
Jamieson varied the jet residence time between 2.0 x 10-4 
and 2.50 x 10-S seconds. The jet residence time is just 
the amount of time a particular jet surface area is in 
contact with the radioactive vapor. The experimental 
"apparent condensation coefficients" were plotted versus 
the corresponding jet residence time and the resulting 
curves extrapolated to ''zero residence time", the time at 
which any reevaporation of the condensed vapor does not 
affect the results. This point is called the "true con-
densation coefficient". It is interesting to note that 
',, 
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the three isobars of Jamieson's data all tended.toward the 
single point of 0.35 as the jet residence time was decreased. 
A summary of values of the condensation coefficient, as 
found by different investigators, is given in Table 1, in 
the Appendix. 
Coughlin (7), in a recent paper, compared Jamieson's 
data with Higbie's penetration theory of interphase trans-
fer (11). He suggested that Jamieson's data demonstrated 
a bridge between simple penetration theory and penetration 
theory with surface resistance included. Substantiating 
an idea set forth by Bonacci and Eagleton (6), Coughlin 
also showed that a simple equation: 
a = a O 
exp ( -at) 
where "a" is merely a function of exposure time, could be 
used to produce values similar to the data of Jamieson. 
4. 
With this backround information in mind, the presen~ 
program was conceived, its purpose being to duplicate the 
data of Jamieson and then, extend it to lower jet residence 
times. To this end, an experimental apparatus to measure 
the condensation coefficient and patterned after Jamieson's 
apparatus, was designed and constructed .. The present 
apparatus, however, differs from Jamieson's in several 
major aspects. These include the following: 
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1. Jet Design: "Whereas Jamieson used small capillary 
tubes to produce his liquid jet, this program employs an 
extremely thin, square-edged orifice plate to form the jet. 
Ramondi and Toor (16), experimenting with both types of 
jets, found evidence of a strong boundary layer formed in 
the jets of the capillary tube design. No such evidence 
was found in the case of the orifice plate jets. Thus, 
if there were a small boundary layer formed by the thin 
edge of the orifice plate, it was thought to have damped 
out very quickly and plug flow was assumed. 
2. Jet Diameter: Jamieson was only able to reach a 
jet residence time of about 2.50 x 10-S second, due to his 
limit of jet diameter. In this study, it was possible to 
drill extremely small holes (0.01 to 0.001 inches in dia-
meter) in the orifice plates, thus realizing a jet residence 
time in the order of 10-6 second. 
3. Temperature: In Jamieson's experiments, the 
liquid and vapor were not always at the same temperature, 
thus leading to net condensation or evaporation. In the 
present study, efforts have been made to be able to carry 
out the measurements under isothermal conditions. 
1, 
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DESCRIPTION OF THE APPARATUS 
The free-jet apparatus, pictured in Figure 1, cul-
minates the design, construction, and testing of its 
various components over approximately a two year period. 
In order to best describe the equipment, the apparatus is 
divided into three major systems: a liquid system, a 
vapor system, and a vacuum system. Also included in a 
separate section is an analysis method for the experiment, 
employing a liquid scintillation spectrometer. Each of 
these four sections is discussed in detail below: 
A. The Liquid System 
The liquid system, as shown in Figure 2, consists of 
12 
a head tank; the jet assembly, a sampling chamber, and the 
appropriate tubing and valves between these pieces of equip-
ment. The city water which is used in this system is first 
passed through an "Illco-Way" ion exchanger, and then charged 
to the head tank. 
The head tank (a), constructed of Lucite, is rectangular 
shaped with dimensions of 18" x 1811 x 3!" The tank was made 
with this flattened shape in order to minimize the change in 
the pressure head during the course of the experiment. In 
the!" copper line running between the head tank and the jet 
'I 
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FIGURE 1. OVERALL VIEW OF THE 
EQUIPMENT 
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assembly, are two valves, an on-off toggle valve (b), and 
a metering needle valve (c). Also in this copper line, 
immediately above the jet chamber, there is a 200 micron, 
in-line filter (d), which effectively stops any small, 
15 
solid particles from flowing further downstream and clo
gging 
the jet. 
The jet assembly (e) is located inside the jet chamber 
(f) as in Figure 2, but is shown apart from the apparatus 
and in detail in Figure 3. Included in this Figure ar
e the 
aluminum jet support (g), the brass mechanical stage (h), 
which was obtained commercially, the stainless steel o
rifice 
plate assembly (i), and the Lucite receiver (j). The 
orifice plate holder is fixed in the jet support by two 
set screws, while the receiver can be moved in two per
pen-
dicular directions in a plane itself perpendicular to 
the 
liquid jet. This is accomplished by two worm gears housed 
in the mechanical stage and provides the means for the
 
accurate, concentric alignment of the orifice plate 
1and 
the receiver. The details of the orifice plate assemb
ly 
along with the receiver are shown in Figure 4. Four 
brass 
nuts and bolts are used to hold the parts of the assem
bly 
tight against the orifice plate holder. 
As shown in Figure 2, the liquid now flows from the 
receiver out thrqugh the top of the jet chamber, and then, 
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FIGURE 3. VIEW OF JET ASSEMBLY 
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FIGURE 5. VIEW OF SAMPLING CHAMBER 
FIGURE 6. VIEW OF JET CHAMBER 
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by way of another metering needle valve (k), to the sampling 
chamber (1). The sampling chamber, pictured in Figure 5, 
consists of a vacuum bell jar placed on a large brass plate 
and sealed by Apiazon-N vacuum stopcock grease. During 
operation, the small trough around the bottom of the bell 
jar is packed with ice to keep the grease cold, so that it 
will not flow and break the vacuum seal. The liquid sample, 
from the jet chamber, issues from a nozzle (m) and is col-
lected in a set of eight glass sampling vials situated on 
a Lucite carousel (n). Each of the vials can be placed 
under the nozzle at will by rotating the carousel from out-
side the chamber with the aid of a magnetic feed-through. 
Also inserted in the sampling chamber are a vacuum source 
tube (o) which connects to the vacuum equipment described 
in Section C, and a drain tube (p) which is joined, through 
a valve (q), to a vacuum aspirator (ee), also talked about 
in Section C. 
B. The Vapor System 
The vapor system, as shown in Figure 2, consists of a 
boiling flask, the jet chamber, some tritiated water col-
lection equipment, and the tubing and valves between these 
components. The tritiated water (referred to hereafter as 
TOH) that is charged to the boiling flask is prepared by 
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diluting one milliliter of highly concentrated TOH (approxi-
mately 0.25 millicuries/milliliter) with 500 milliliters of 
deionized city water. 
The three-necked boiling flask (r) is enclosed in a 
heating mantle controlled by a variac, and a thermometer 
inserted in one of the necks indicates the temperature. 
The second neck is connected, via a stopcock (s), to a 
water-cooled spiral condensing tube and collection flask (t). 
a 3/8 inch copper transfer tube leads from the third neck 
of the boiling flask to a stainless steel ball valve (u) 
and from there, into the jet chamber. This copper tube, 
as well as the ball valve, is wrapped with a heating tape, 
and, during an experiment, is kept at a temperature higher 
than that in the boiling flask. 
The jet chamber (f), as pictured in Figure 6, was 
fabricated from two brass plates and a ten centimeter 
outside diameter glass cylinder. Circular grooves were 
machined into the endplates to correspond to the flat, 
square ends of the glass cylinder. If rubber 0-rings are 
placed in the bottom of the grooves in the endplates, a 
vacuum seal is obtained when the endplates are forced 
towards each other with the glass cylinder in place 
between them. This chamber was designed so that all 
connections with it enter and leave through the top plate, 
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itself stationary on the experimental rig. Thus, by merely 
removing four nuts, the bottom plate and glass cylinder may 
be removed and access gained to the jet assembly. 
In addition to the TOH vapor entrance line (w) mentioned 
earlier, other connections to the jet chamber include the TOH 
vapor exit line (x) leading to the TOH vapor collection equip-
ment, a drain tube (y) exiting through a valve (z) to a 
vacuum aspirator, a presure tap (aa) leading to a mercury 
manometer, and the lines of the jet assembly, talked about 
in Section A. A meteri~g needle valve (bb) is included in 
the TOH exit line to maintain a certain TOH vapor pressure 
in the jet chamber. The jet chamber temperature is Qain-
tained at the desired value by one of two ways. For the 
temperature range of 80-l00°C, two heating tapes are wrapped 
about the chamber and controlled through a variac. The 
temperature is monitored by a mercury thermometer, slipped 
under the heating tapes next to the glass cylinder. For 
lower temperature experiments, a large stainless steel 
constant temperature bath, positioned beneath the jet 
chamber, may be raised by an auto jack so that the jet 
chamber is almost completely immersed in water. In order 
to observe the jet while in the bath, a periscope was 
built and positioned in front of the jet chamber. Light 
from a high-intensity bulb positioned above the water bath, 
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was conducted to the area of the underwater jet assembly 
by a "light pipe", a bent piece of Lucite rod with the 
ends smoothed and polished. 
The TOH vapor collection equipment (cc) consists of 
22 
two water-cooled spiral condenser tubes and a large col-
lection flask. The top o~ each condenser tube is connected 
to the vacuum system described in Section C. 
C. The Vacuum Srstem 
The vacuum system, dr&wn i~ Figure 7, can best be 
described by briefly tracing the lines that end up at the 
three aspirators. Water is forced by a pump througn these 
aspirators which are contained in a closed loop circuit. 
Aspirator (dd): The partial vacuum in the sampling 
chamber (1) is produced by aspirator (dd), measured by a 
mercury manometer, and controlled by the cartesian diver 
(jj). This diver may be switched in and out of the flow 
line by stopcocks (hh) and (ii). A bleed line to the 
atmosphere is provided with stopcock (gg). 
Aspirator (ee): This aspirator is used to drain the 
liquid from the sampling chamber and the jet chamber 
through lines (p) and (y) and valves (q) and (z), respec-
tively. 
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Aspirator (ff): When stopcock (pp) is closed and 
stopcock (oo) is open, the partial vacuum in the jet chamber 
(f) and vapor condensing equipment (cc) is produced by 
aspirator (ff). The vacuum is controlled by a cartesian 
diver (nn) and measured by a mercury manometer. The 
diver may be switched in and out of the flow line by stop-
cocks (11) and (mm). This system, really just the vapor 
system, is completely evacuated by bypassing the cartesian 
diver (nn), and opening the stopcock (pp) connecting with 
the line leading to the water trap setup and the mechanical 
vacuum pump (yy). The ice-cooled traps (rr) and (tt) are 
arranged in parallel so that when one becomes iced up, the 
other can be switched into the flow line. Then, the first 
trap may be removed from the flow line, washed out, and 
dried. Stopcocks (qq), (ss), and (uu) aid in this switch-
ing procedure. Trap (xx), in series with the other two 
traps, is filled with anhydrous Caso4 and serves as a final 
guard against water vapor getting to the vacuum pump (yy). 
D. The Analysis Method 
The problem remaining after running an experiment is 
to measure the radioactivity transported from the vapor to 
the liquid by the condensing steam. A Tri-Carb Liquid 
Scintillation Spectrometer, Model 2101, was purchased for 
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this purpose and was found to be very satisfactory. The 
details of the instrument's operation are described quite 
clearly in (20) and will not be restated here. Briefly, 
though, the instrument functions by sensing light quanta 
which are created by interactions between the X-ray emis-
sions of the TOH and a scintillation "cocktail" solution. 
Each light quanta, and thus, each X-ray emission, sensed, 
is then recorded and the collective total for any time 
period can be obtained. A one milliliter sample of the 
water collected in the sampling chamber is added to fifteen 
milliliters of the cocktail. This large excess of cock-
tail solution insures the fact that almost all the inter-
actions of the X-rays will be with the cocktail, and not 
with other water or TOH molecules. The formula used to 
make this cocktail solution is as follows: 
1. Measure into a 1000 milliliter volumetric flask the following compounds: 
4.00 grams PPO (2.5-Diphenyloxazole) 
0,05 grams POP-POP (l.4-bis-[2-(5-
Phenyloxazolyl)]-Benzene) 
120.00 grams Naphthalene 
2. Add p-Dioxane to fill the volumetric flask. 
3. Mix well and store in a dark place. 
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OPERATING PROCEDURE 
The oP,erating procedure can, most conveniently, be 
divided into three areas, namely: preliminary steps, 
actual running, and shut-down and analysis procedures. 
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The letters used in referring to different pieces of equip-
ment correspond to the letters used in Figures 2, 3, and 7, 
I 
of the preceding chapter. 
A. Preliminary Steps 
These steps do not necessarily have to be done in any 
specific order. Also, the time delay between the day these 
steps are completed and the day of the actual experiment is 
not important except for Step 7. These steps are as follows: 
1. Fill head tank (a) with deionized water. 
2. Insert clean glass sample vials into carousel (n). 
Put a layer of grease around bottom edge of bell 
jar. Place bell jar in position making sure a 
seal is formed entirely around the bottom edge. 
3. If the caso4 in trap (xx) is a reddish purple 
color, replace it with anhydrou~ Caso4, indicated 
by a blue color. 
4. Make up the TOH solution and charge it to boiling 
flask (r). 
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· 5. Prepare scintillation cocktail mixture (only done 
when more is needed). 
' 
6. Set cartesian divers (jj) and (nn) to control 
pressures of both chambers at desired values. 
The procedure is outlined in their instruction 
sheet. 
7. This step applys only when the constant temperature 
bath is going to be used in the run. Fill the 
bath with deionized water and turn heating con-
trols on the afternoon before the morning when a 
run is scheduled. 
B. Actual Running 
The following steps must be carried out in order and 
usually require almost a full day to complete: 
1. Turn stopcock (gg) so there is no bleed to the 
atmosphere, but an open connection between the 
sampling chamber (1) and the aspirator (dd). 
Close valve (k). Pull a slight vacuum (about 
60 mm of Hg) on the sampling chamber. Turn 
valve (b) on letting a stream of pure water 
issue out of the orifice plate (i) in the jet 
assembly. Open valve (k) slightly and adjust 
water flow with valve (c). Now align the 
. :l 
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receiver (j) by turning the two set screws of the 
mechanical stage, so that the water jet flows 
smoothly into the receiver without weeping over 
the sides. When this is accomplished, turn off 
water and aspirator and shut valve (k). 
2. Now, carefully, so as not to jar the jet assembly 
out of alignme~t, position the glass cylinder and 
the bottom support plate in place and secure with 
four washers and nuts. Check for leaks in the 
seal by pulling a slight vacuum on the jet chamber 
with aspirator (ff), remembering to first close 
stopcock (kk) and valve (u), and open valve (bb) . 
3. If the constant temperature bath is being used, 
raise it into position submerging the jet chamber. 
Turn on the light for the light pipe and the air 
line running into the periscope to keep the mirrors 
from fogging up. If the bath is not being used, 
wrap the jet chamber with heating tapes, inserting 
the thermometer, and turn on the variacs controlling 
these tapes. Also, start heating the copper trans-
fer line and the boiling flask, making sure that 
stopcock (s) is open. Turn on water to water-
.cooled condensers (t) and (cc). 
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4. Bypassing the cartesian diver (nn), turn vacuum 
pump (yy) on and evacuate the entire vapor path 
from the ball valve (u) which is closed, through 
the jet chamber and condensers, to the trap set-up, 
for a period of one to two hours. 
5. After evacuation, and when the TOH in the boiling 
flask is at the desired temperature, close stop-
cocks (s) and (pp) and slowly open ball valve (u), 
admitting the TOH vapor to the jet chamber. 
Partially close valve (bb) so that the vapor 
pressure in the jet chamber can rise to the 
desired value, Turn on aspirator (ff) and allow 
cartesian diver (nn) to control by turning stop-
cocks (11) and (mm) so that flow is through diver. 
Let the TOH vapor sweep through jet chamber for a 
half hour or so, in order to remove any last 
traces of air in the chamber. 
6.· Turn on aspirator (dd) letti;{g cartesian diver (jj) 
control the pressure in the sampling chamber. 
7. Now, turn pure water on with valve (b) and adjust 
flow, as before, with valves (c) and (k). 
8. When there is no weeping of the jet or no bubbles 
of vapor being sucked into the receiver, a sample 
is taken by rotating the carousel by the magnetic 
I 
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feedthrough. The time required to fill the sample 
vial is measured with a stopwatch. This time and 
the pressures in both chambers are recorded opposite 
the number of the sample vial filled (numbered 
one to eight on the carousel). 
9. When adjusting the liquid jet, the water issuing 
from the nozzle (m) in the sampling chamber is 
allowed to fall between the sample vials to the 
bottom of the chamber. Step 8 is repeated for 
the other seven sample vials when the conditions 
desired are met. 
C. Shut-down and Analysis Procedures 
1. Turn aspirators (dd) and (ff) off and aspirator 
(ee) on. Turn off all heating elements. If 
the bath was used, lower it from its position 
surrounding the jet chamber. Release all 
vacuums. Turn valves (q) and (z) on, one at a 
time, to drain both chambers. 
2. Remove bell jar and cap each sample, numbering 
the caps to correspond to positions of th~ vials 
on the carousel. 
3. Take a onJ milliliter pipetful from each sample 
and add it to a fifteen milliliter portion of 
the scintillation cocktail. Do the same with 
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three pipetfuls from the head tank and one 
pipetful from the boiling flask. Be sure to 
note the sample number on the cap of each of the 
vials containing the mixed cocktail and sample. 
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4. Let these vials stand in the dark (in a cabinet in 
the counting room) for at least 12 hours. 
5. Making sure to transfer the sample vials in the 
dark, count the radiation in each sample using 
the scintillation counter and calculate the 
results. 
·1 .,i 
/ ·\ j ., 
I . 
; ,\ 
j ' 
: L 
'I: 
·· · ... · ----.. --~ .... ----·===,.=---..:: ... ,.,;:,;:;;~:;:.~;·:_ci,..;-.;;:.:::_:.~.::-::c :-:r;..,t 
'' 
' 
l 
\ 
\ 
i 
l 
I 
l 
L 1' 
', 
j 
32 
INITIAL RESULTS 
Ove·r the period of a month and a half, Tests A through 
F (Appendix - Table 2) were carried out on the basic equip-
ment. Among other things, the tests all .showed much too low 
a condensation coefficient to be considered valid. Thus, 
three months were spent in greatly refining the design and 
construction of the equipment. The new support system for 
the liquid jet imploying the microscope stage was designed 
and built. The orifice plates and receiver blanks for the 
small diameter jets were fashioned and sent out to be drilled. 
Many lines, valves, and fittings were changed to eliminate 
leaks in the system. Also, much time was spent in working 
just with the liquid jet system, learning how to achieve a 
stable jet which would remain well-behaved without adjustment 
for time periods up to one half hour. Figure 8, courtesy of 
Nelson Malwitz, shows the jet out of alignment in 8A, and, 
in 8B, after the receiver has been adjusted through use of 
the microscope stage, a properly aligned liquid jet. 
After this period of adjustment, Runs A, B, and C 
(Appendix Table C), were attempted without much success. 
In Run D, a vacuum 
pump was used to remove the air in the 
vapor system prior to introducing 
the TOH steam to the jet 
chamber. The pump was allowed to 
operate only ten minutes 
33 
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in order to prevent damage to it from any water in the jet 
chamber. Even so, as shown in Figure 9, the results of 
this run were much better than all previous results and 
were within a factor of ten of agreeing with Jamieson's 
data. It was thoughtthat air remaining in the jet chamber 
was responsible for the results of Run D falling too low 
in Figure 9. ~he water trap set-up, discussed previously, 
was then designed and constructed. Run E, also shown in 
Figure 9, was carried out with the trap set-up and the 
vacuum pump operating. While the results are in the range 
of Jamieson's data, the liquid jet was unstable and was 
the probable cause for the values being slightly high in 
comparison with Jamieson's. 
When several valves were added to the system to gain 
more control over the liquid jet and the vacuum pump was 
again used to sweep the air out of the vapor system, the 
results of Run F seemed to agree fairly well with Jamieson's 
data. Shown in Figure 10, the data points define a isobar 
for 420 mm Hg pressure. This line lies in the seemingly 
correct position between the 740 mm Hg and 220 mm Hg isobars 
formed by Jamieson's data. Also, over a range of residence 
times, this isobar exhibits the same slope as that of 
Jamieson's isobars. 
. . :.." 
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TABLE 1 
VALUES OF THE CONDENSATION COEFFICIENT 
OF OTHER RESEARCHERS 
RESEARCHER 
Alty and Nicoll (4) 
Delaney, Houston, 
Eagleton (8) 
and 
Baraneav 
Alty (2) 
Hickman (10) 
Jamieson (12) 
Bonacci and Eagleton (6) 
Nabavian and Bromley (15) 
CONDENSATION 
COEFFICIENT 
0.01 to 0,02 
o. 02 7 
o. 042 
o. 04 
0.035 to 0.045 
0.24 
0.35 
0,55 
0,35 to 1. 00 
38 
TEMPERATURE, 
oc 
12 
43 
0 
)0 
-8 to +4 
)0 
30 to 70 
2 to 7 
10 to 50 
:i' 
!. 
'· 
., 
., 
l t,. 
{ 
i'i 
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TABLE 2 
RESULTS OF TESTS A THROUGH F 
APPARENT CONDENSATION RESIDENCE TIME, 
TEST COEFFICIENT t, SECONDS 
-
A 0.475 X 10-2* 1.15 X 
-4-1( 
v 
10 
B 2.01 X 10-2 1. 15 X 
10-4-/( 
1. 66 X 10-2 
1.13 X 10-2 
1. 64 X 10-2 
C 0. 173 X 10-2 , 2.45 X 10-
4 
0.156 X 10-2 
0. 189 X 10-2 
D 5. 74 X 10-5 2. 64 X 10-
4 
3.00 X 10-5 
1. 44 X 10-4 
1. 09 X 10-4 
E 0.838 X 10-
3 2.62 X 10-4 
-4 5.10 X 10-4 F 0.806 X 10_4 
0. 420 X 10_4 
0. 509 X 10 
*Rough Estimate 
·1 
\ . 
.., 
TABLE 3 
RESULTS OF RUNS A THROUGH F 
APPARENT CONDENSATION RESIDENCE TIME, PRESSURE, 
RUN COEFFICIENT t, SECONDS mm Hg 
A 
B 
C 
Aborted Run - Jet not aligned 
D 
E 
F 
NOTES: 
Jet very unstable 
2. 87 X 10-4 
1. 01 X 10-4 
2.66 X 10-5 
5. 76 X 10-5 
1. 13 X 10-3 
1. 20 X 10-3 
3.68 X 10-3 
4. 18 X 10-3 
0.80 X 10-2 
1. 07 X 10-Z 
3.35 X 10-3 
-3 4.20x 10_3 6,40x 10_3 7.66 X 10_3 8.48 X 10 
(1) Estimated Pressure 
- not valid samples 
5.81 X 
3. 76 X 
4. 11 X 
3. 5 7 X 
8.59 X 
6. 60 X 
3. 75 X 
3.21 X 
8.93 X 
7. 15 X 
9.45 X 
9.15 X 
6. 40 X 
6. 70 X 
5.18 X 
504 
522 
656 
650 
414 
3 76 
370 
402 
5 75 (l) 
5 75 
417 (2) 
461(2) 
298 
419 (2) 
265 
40 
(2) Recorded,Pressure Values, but suspected to be invalid . 
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SAMPLE CALCULATIONS 
Diameter of jet 
Measured Jet length 
Surface area 
Cross-sectional area 
Pressure in Jet chamber-ii( 
Barometric pressure* 
Volumetric flow rate* 
Counts in 50 min for Sample 4·k 
Backround count* 
Sample 4 count minus Backround 
Boiling flask count per second 
*Measured Values 
Residence Time: 
0.34 cm. 0,00224 
1. 138 ml sec 
2 cm 
0. 0534 cm. 
0.34 cm. 2 0.0570 cm. 2 0.00224cm. 
419 mm Hg. 
758 mm Hg. 
1. 138 ml/sec 
14, 69L~ 
1,051 
13,643 
2,148 
= 6. 7 x 10-4 sec. 
Theoretical Maximum Flux to Siquid Surface: 
n = p(2rrmkT)-0· 5 
= [ (419 mm) (1. 334 X 103 
2 
dyne~cm ) ) . 
[ (6 28) ( 18 _.fil!L gmol ) x 
· x 23 · gmol · molecules 6, 02 X 10 
l O -16 gm cm 2; s e c 2 ) x ( 3 5 7 OK)] - 0. 5 (l.)8 x oK molecules 
41 
= [s.sg x 105 dynes) [ 1 sec
2 
molecules
2 )0.5 
cm2 9.25 x 10-36 · gm2 cm2 
f 
·, 
! ) 
11 
n = [5.59 x 105 g~ cm2J [--;;;..l __ sec cm 3.04 x 1o·l8 
= 1.84 x 1023 molecules/cm2 sec, 
N = !1:.2.. G 
sec molecule) 
gm cm 
= 1.84 x 1023 molecules cm2sec · 0.0570 cm2 
1. 138 ml sec 
= 9.23 x 1021 molecules/ml. 
Condensation Coefficient: 
a= (Sample Count/SO min·ml) 
3000 sec (A ) 50 min 'Y 
(°A 'Y) • 6. 02 x 1023 molecules/gmol x ~ 
(N, molecules/ml) x 18 ~ x (Boiling Flask Count) gmol sec ml 
= 13,643 6.02 X 1023 
30QQ 9.23 X 1021 t 18 X 2148 
= 0,00766 
42 
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